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(57) ABSTRACT

Novel techniques for hearing enhancement based on a pair of
glasses are disclosed. In one embodiment, the glasses include
a {irst lens holder, a second lens holder, a bridge element, a
first temple, a second temple, a first speaker, a second speaker,
a microphone and at least one electrical component that per-
forms a hearing enhanced function to enhance audio signals
from the microphone to be sent to the speakers for the user to
hear. At least one electrical component in the glasses 1s for
generating other audio signals by the speakers, with the other
audio signals originating from signals other than audio sig-
nals captured by the microphone. In another embodiment,
some of the electrical components are in a portable device,
wired or wirelessly, coupled to the glasses. In yet another
embodiment, the glasses function as a headset, with other
clectrical components in the portable device. In such embodi-
ment, since the glasses can provide a number of different
hearing functions, a third party may not be able to tell whether
the user 1s wearing the glasses to have his hearing enhanced,
or Tor hearing other audio signals.
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EYEGLASSES WITH HEARING ENHANCED
AND OTHER AUDIO SIGNAL-GENERATING
CAPABILITIES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation-in-part of U.S. patent
applicationNo. 10/964,011, filed Oct. 12, 2004, now U.S. Pat.

No. 7,192,136 and entitled “TETHERED ELECTRICAL
COMPONENTS FOR EYEGLASSES.” which 1s hereby
incorporated herein by reference, which in turn claims prior-

ity to each of: (1) U.S. Provisional Patent Application No.
60/509,631, filed Oct. 9, 2003, and entitled “TETHERED

ELECTRICAL COMPONENTS FOR EYEGLASSES,”
which 1s hereby incorporated herein by reference; (1) U.S.
Provisional Patent Application No. 60/527,565, filed Dec. 8,
2003, and entitled “ADAPTABLE COMMUNICATION
TECHNIQUES FOR ELECTRONIC DEVICES,” which 1s
hereby incorporated herein by reference; (111) U.S. Provi-
sional Patent Application No. 60/562,798, filed Apr. 15, 2004,
entitled “EYEWEAR WITH ULTRAVIOLET DETECTION
SYSTEM,” and which 1s hereby incorporated herein by retf-
erence; (1v) U.S. Provisional Patent Application No. 60/383,
169, filed Jun. 26, 2004, entitled “ELECTRICAL COMPO-
NENTS FOR USE WITH EYEWEAR, AND METHODS
THEREFOR,” and which 1s hereby incorporated herein by
reference; (v) U.S. Provisional Patent Application No.
60/592,045, filed Jul. 28, 2004, entitled “EYEGLASSES
WITH A CLOCK OR OTHER ELECTRICAL COMPO-
NENT,” and which 1s hereby incorporated herein by refer-

ence; and (vi) U.S. Provisional Patent Application No.
60/605 191, filed Aug. 28, 2004, entitled “ELECTRICAL

COMPON JNTS FOR USE WITH EYEWEAR, AND
METHODS THEREFOR,” and which 1s hereby incorporated
herein by reference.

The application claims priority to each of: (1) U.S. Provi-
sional Patent Application No. 60/592,045, filed Jul. 28, 2004,

entitled “EYEGLASSES WITH A CLOCK OR OTHER
ELECTRICAL COMPONENT,” and which 1s hereby Incor-
porated herein by reference; (1) U.S. Provisional Patent
Application No. 60/605,191, filed Aug. 28, 2004, entitled
“ELECTRICAL COM. 3ONENTS FOR USE WITH EYE-
WEAR, AND METHODS THERFEFOR.” and which 1is
hereby incorporated herein by reference; (111) U.S. Provi-
sional Patent Application No. 60/618,107, tled Oct. 12, 2004,
and entitled “TETHERED ELECTRICAL COMPONENTS
FOR EYEGLASSES,” which is hereby incorporated herein
by reference; (1v) U.S. Provisional Patent Application No.
60/620,238, filed Oct. 18, 2004, entitled “EYEGLASSES
WITH HEARING ENHANCED AND OTHER AUDIO SIG-
NAL-GENERATING CAPABILITIES,” and which is hereby
incorporated herein by reference; (v) U.S. Provisional Patent
Application No. 60/647,836, filed Jan. 31, 2005, and entitled
“EYEGLASSES WITH HEART RATE MONITOR,” which
1s hereby incorporated herein by reference; and (vi) U.S.
Provisional Patent Application No. 60/64°7,826, filed Jan. 31,
2005, and enfitled “EYEWEAR WITH ELECTRICAL
COMPONENTS,” which 1s hereby incorporated herein by
reference.

In addition, this application 1s related to each of: (1) U.S.

patent application Ser. No. 10/822,218, filed Apr. 12, 2004,
and entitled “EYEGLASSES FOR WIRELESS COMMUNI-
CATIONS,” which 1s hereby incorporated herein by refer-
ence; (11) U.S. patent application Ser. No. 10/964,011, filed
Oct. 12, 2004, now U.S. Pat. No. 7,192,136 and entltled
“TETHERED ELECTRICAL COMPONENTS FOR EYE-
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GLASSES,” which 1s hereby incorporated herein by refer-
ence; (111) U.S. patent application Ser. No. 11/006,343, filed

Dec. 7, 2004, now U.S. Pat. No. 7,116,976 and entitled
“ADAPTABLE COMMUNICATION TECHNIQUES FOR
ELECTRONIC DEVICES,” which 1s hereby incorporated

herein by reference; (1iv) U.S. patent application Ser. No.
11/078,853, filed Mar. 11, 2005, now U.S. Pat. No. 7,500,746

and enftitled “EYEWEAR WITH RADIATION DETEC-
TION SYSTEM,” which 1s hereby incorporated herein by
reference; (v) U.S. patent application Ser. No. 11/078,857,
filed Mar. 11, 2005, and entitled “RADIATION MONITOR -
ING SYSTEM.,” which 1s hereby incorporated herein by ret-
erence; (vi1) U.S. patent application Ser. No. 11/183,269, filed
Jul. 15, 2005, and entitled “EYEWEAR SUPPORTING
AFTER-MARKET ELECTRICAL COMPONENTS,”
which 1s hereby incorporated herein by reference; (vi1) U.S.
patent application Ser. No. 11/183,283, filed Jul. 15, 2005,
and entitled “EVENT EYEGLASSES,” which 1s hereby
incorporated herein by reference; (vii1) U.S. patent applica-
tion Ser. No. 11/183,256, filed Jul. 15, 2005, now U.S. Pat.
No. 7,500,747, and entltled “EYEGLASSES WITH HEAR-
ING ENHANCED AND OTHER AUDIO SIGNAL-GEN-
ERATING CAPABILITIES,” which 1s hereby incorporated
herein by reference; (1x) U.S. patent application Ser. No.
11/183,263, filed Jul. 15, 20035, now U.S. Pat. No. 7,380,936,
and entltled “EYEGLASSES WITH A CLOCK OR OTHER
ELECTRICAL COMPONENT,” which 1s hereby 1ncorpo-
rated herein by reference; and (x) U.S. patent application Ser.
No. 11/183,276, filed Jul. 15, 2005, now U.S. Pat. No. 7,255,
43’7, and entitled “EYEGLASSES WITH ACTIVITY

MONITORING,” which 1s hereby incorporated herein by
reference.

FIELD OF THE INVENTION

The present invention relates generally to glasses and more
particularly to eyeglasses with hearing-enhanced capabili-
ties.

BACKGROUND OF THE INVENTION

A significant portion of our population has a certain degree
of hearing loss. This can be due to, for example, heredity,
noise exposure or simply aging. Hearing aids have been the
traditional approach for those with hearing difficulties. How-
ever, just 1in the United States, out of the 26 to 28 million
people who are hearing impaired, only about 20% of them
actually wear any hearing aids. Further, this number of hear-
ing impaired 1s steadily increasing. Hearing loss typically
goes with aging. With the baby boom population rapidly
aging, the median age of the entire population 1s going up.
Significantly more people will be in need of hearing aids.

One main reason for the lack of wide adoption of hearing
aids could be that there 1s still a stigma towards wearing them.
Wearing hearing aids 1s typically linked to old age, and people
from many cultures value youthiulness. They do not like to be
percerved as being old. As a result, many people with mild or
moderate hearing loss just 1gnore i1t and live with their defi-
ciencies.

Basically, there are three major types of hearing aids—the
“behind-the-ear” (BTE) style, the “in-the-ear” (ITE) style,
and the completely-in-the-canal (CIC) style. The BTE hear-
ing aids have a number of advantages. They are more appli-
cable for those with severe hearing loss. Through the use of
venting, they reduce to a certain degree the effects of occlu-
sion, which 1s the hollowness, echoic or stuffed sensation of
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hearing one’s own voice as one talks with a hearing aid inside
one’s ear. The ITE (or CIC) designs are more inconspicuous.
They are located 1nside the ear. Just like the BTE, individual
car molds are typically made for such hearing aids based on
an 1mpression of the user’s ear canal. Such custom-made
hearing aids can be expensive. But, 1n certain countries, even
with the government paying for such hearing aids, most
people still do not like to wear them.

Hearing ability tends to decrease gradually, particularly as
we age. A person with mildly-impaired hearing normally
does not need the same degree of hearing assistance as one
with severely-impaired hearing. Nevertheless, though their
hearing loss 1s not severe, they still could benefit from mild or
moderate enhancement to their hearing.

One approach to make the hearing aids not as conspicuous
1s to add them to eyeglasses, either by aflixing them to, or built
them 1nto, glasses. However, 1t may still be obvious to a third
party that the person 1s wearing a hearing aid. Also, it 1s not
casy to have hearing aids attached to or built-into glasses.
Eveglasses frames tend to be very compact and lightweight
and thus have little space for electrical components. More-
over, since eyeglass frames are oiten fashionable items whose
designs are important, there are substantial design tradeoifs
involved with hearing aids built in or attached to the eyeglass
frames.

It should be clear from the foregoing that there 1s still a need
for improved techniques to assist those who are hearing
impaired, and there 1s still a need to improve techniques to
bring electrical signals to us through glasses.

SUMMARY OF THE INVENTION

The present invention provides different embodiments of
glasses that can be applied to multiple functions. With a user
wearing such a pair of glasses, 1t would be more difficult for
a third party to know the specific function or reason the user
1s wearing the glasses for. Regarding the locations of the
clectrical components for the multiple functions, different
embodiments range from all of the components 1n the glasses
to the glasses primarily functioning as a headset.

In one embodiment, the present invention pertains to a pair
of glasses with hearing enhancement and other signal gener-
ating capabilities. Most people today do not desire to wear
hearing aids or hearing enhancement devices. One major
reason could be that they do not want to be perceived as being,
old. In this embodiment, a pair of glasses, with speakers, has
hearing enhancement capabilities. With the speakers 1n the
glasses, the speakers can be positioned in close proximity to
the ears of the users. In addition to having hearing enhance-
ment capabilities, the glasses also include at least one elec-
trical component to generate other audio signals. For
example, the glasses can play music. Such a hearing-en-
hanced device can remove the associated stigma of conven-
tional hearing aids. A third party may not be able to tell
whether the user 1s wearing the glasses to hear music or
whether the user 1s wearing the glasses to have his hearing

enhanced.

In one embodiment, the glasses include at least one speaker
and typically two. Each speaker 1s in one of the temples of the
glasses, closer to the corresponding hinge of that temple than
the other end (the free end) of the temple. There 1s also a tube
extending from the speaker to guide sound generated by the
speaker to the corresponding ear of the user. The tube can be
rotated, such as from behind the temple to being downward at
an angle towards the ear of the user. The two speakers can also
be electrically connected by a conductor, with the conductor
linking the speakers through the lens holders of the glasses.
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The glasses include a microphone, which can be located close
to one of the hinges of the glasses. In another embodiment,
there can be two microphones. The one or more microphones
can be directional for recerving signals 1n specific directions.

In another embodiment, to reduce the weight of the glasses
and to enhance the ease of aesthetic design of the glasses,
some of the hearing enhanced electronics are not in the
glasses. Instead they are 1n a portable device carried by the
user. The portable device 1s electronically coupled to the
glasses wirelessly or through a wired connection.

In the wireless embodiment, the glasses also include a
wireless transceiver. In this embodiment, the microphone
does not have to be at the glasses. The microphone can also be
wirelessly coupled to the glasses and/or the portable device.

In the wired embodiment, the glasses also include a con-
nector for at least one wire to be connected to the glasses. The
connector can be at the free end of one of the temples of the
glasses, or the connector can be at another location at the
glasses. Different types of standard or non-standard connec-
tors can be used.

In the wired embodiment, the microphone also does not
have to be at the glasses. The microphone can be mounted on
the wire that connects the glasses to the portable device.

The glasses can have a number of hearing enhancing capa-
bilities. In one embodiment, the hearing enhancement 1s for
those with mild or medium hearing loss. In another embodi-
ment, the hearing enhancement 1s for those with severe hear-
ing loss.

One hearing enhancement functionality 1s frequency-de-
pendent amplification. For example, higher frequencies are
amplified more than lower frequencies; certain frequency
bands are not amplified; or the frequencies to be amplified are
tailored to the user.

To tailor the amplification to a user, hearing enhancement
capabilities can be calibrated against the user. The calibration
can be done by the user or by a third party. The calibration can
be performed through a website, which guides the user
through the process. The calibrated frequency hearing profile
of the user can be stored. Such calibration can be performed
periodically, such as once a year.

The glasses may also include at least one electrical com-
ponent for power management. Hearing enhancement does
not have to be fully functional at all times. In one embodi-
ment, the hearing enhancement function 1s on demand. The
enhancement can go 1nto a sleep mode when there 1s no audio
fluctuation beyond a certain threshold 1n the ambient envi-
ronment. The amplification can also depend on the ambient
noise level.

In other embodiments, the glasses can also have at least one
clectrical component to generate other audio signals. These
other audio signals do not originate from signals captured by
the microphone(s) in the glasses. These signals can originate
from relatively private sources or public sources.

In one example of signals originating from private sources,
the glasses include the electrical components to operate as a
phone. The glasses can pick up signals from a caller, and the
speaker(s) 1n the glasses re-generate the audio signals of the
caller. Again some of the electrical components of the phone
can be 1n a portable device wired or wirelessly coupled to the
glasses. There can be an indicator indicating an incoming call.
The indicator could be a signal light.

Regarding processing an incoming call, 1n one embodi-
ment, 11 the user wants to pick up the imcoming call, the
hearing enhancement mode 1s deactivated. In another
embodiment, one or more functionalities of the hearing
enhancement mode operate on the incoming call. There can
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also be noise cancellation functionalities, such as through two
directional microphones, one pointing at the user’s mouth,
and the other pointing away.

In another example of signals originating from private
sources, the glasses include the electrical components to
operate as a player. Again some of the electrical components
of the player can be 1n a portable device wired or wirelessly
coupled to the glasses. The player can be a MP3 or other
multimedia asset player. The player can be a radio. The radio
can be personalized to the user, for example, by being aware
of the songs the user prefers. In one embodiment, when the
user starts the player, the hearing enhancement mode 1s deac-
tivated. In another embodiment, different capabilities of the
hearing enhancement mode operate on the signals from the
player.

In yet another embodiment, the other audio signals are
from public sources. For example, the glasses can be coupled
to a coniference microphone or a theater speaker wirelessly,
and thus be capable of capturing and enhancing the signals
from those sources. Again, the coupling can be through a
portable device wired or wirelessly coupled to the glasses.

There can be one or more control knobs or switches at the
glasses or at a portable device coupled to the glasses. Ditfer-
ent types of switches are applicable for ditferent applications.

Regarding power sources for the electrical components in
the glasses, 1n one embodiment, the power sources, such as
batteries, are m the glasses. In another embodiment, the
power sources are located outside the glasses, but connected
to the glasses through an adapter. In yet another embodiment,
the power sources are 1n a portable device electrically con-
nected to the glasses, and the power sources can be recharge-
able.

A number of embodiments have been described with
glasses having hearing enhanced and/or other audio signal
generation capabilities. In one embodiment, the glasses func-
tion as a headset and are adaptable for different applications,
such as hearing enhancement, communication (e.g. phone
operation) and listening to audio signals (e.g. MP3 opera-
tion). When a person 1s using the headset, a third party again
may not be able to tell whether the person 1s having his
hearing enhanced, or listening to other audio signals gener-
ated.

Additional benefits of having glasses as headsets are that
eyeglasses frames tend to be very compact and lightweight
and thus have little space for electrical components. With at
least a portion of the electrical components for a system, such
as a hearing enhancement system, outside the glasses, addi-
tional weights required for the system on the glasses are
reduced. Further, eyeglass frames are often fashionable 1items
whose designs are important. By reducing the amount of
clectrical components, and in turn, space required in the
glasses, design tradeotfs required due to having electrical
components 1n the eyeglass frames are reduced.

In a first example of glasses functioning as a headset, the
glasses can include a connector and two speakers, one at each
temple, both speakers electrically connected through the
glasses. The connector can be located at the free end of one of
the temples. The connector can be used to receive stereo
signals, such as from an MP3 player. Based on a headset-to-
phone cord, the speakers in the headset can also be used to
receive a phone call.

In a second example of the glasses functioning as a headset,
the glasses can include two connectors. Each connector can
be at one of the temple tips of the glasses, and each connector
can be connected to the speaker at that temple. To send audio
signals to the speakers, the two connectors can be tethered and
connected together through a connector external to the
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glasses. The external connector can then operate as the con-
nector in the first example. Regarding other embodiments, the
speakers can be 1n the temples, such as closer to their corre-
sponding lens holders than the free end of the temples. In
another example, the speakers can be in the region of the
temple tips. The speakers can be embedded 1n the glasses or
can be external to the glasses on stubs or extensions. For
speakers that are embedded in the glasses, each speaker can
have a tube extending towards an ear to guide audio signals.
At the end of each tube, there can be an ear bud for inserting
into the ear. The tubes can be permanently attached to the
glasses, or each can be attachable to the glasses. The tubes or
the stubs can also be retractable and extendable, and the
position of the tubes or the stubs can be adjustable.

Other aspects and advantages of the present invention will
become apparent from the following detailed description,
which, when taken 1n conjunction with the accompanying
drawings, 1llustrates by way of example the principles of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows one embodiment of the invention with a pair
of glasses having speakers.

FIG. 2 shows a tube extending from a speaker at a temple of
the glasses to guide sound to one of the ears of the user
according to one embodiment of the mvention.

FIG. 3 shows a retractable tube extending from a speaker at
one of the temples of the glasses according to one embodi-
ment of the mvention.

FIG. 4 shows a funnel at the output of a speaker in the
glasses according to one embodiment of the mvention.

FIGS. 5A-5B show an embodiment of the invention with a
wire connecting speakers in the glasses.

FIG. 6 shows one embodiment of the invention with a pair
of glasses having speakers that are wirelessly coupled to a
portable device.

FIGS. 7A-7B show different embodiments of the present
invention illustrating some of the electrical components for
wireless connections to a pair of glasses.

FIG. 8 shows a male stereo connector at the end of a temple
according to one embodiment of the mvention.

FIG. 9 1llustrates a connector applicable to clamp onto a
temple of a pair of glasses according to an embodiment of the
invention.

FIG. 10 shows one embodiment of the invention with a pair
of glasses having a microphone coupled to the wire connected
to a portable device.

FIG. 11 shows different embodiments regarding {fre-
quency-dependent amplification of the present invention.

FIG. 12 shows a number of embodiments regarding hear-
ing calibration of the present invention.

FIG. 13 shows a number of embodiments regarding power
management of the present mvention.

FIG. 14 shows different embodiments of sources of other
audio signals generated by the glasses according to the
present invention.

FIG. 15 1s a flow diagram of call processing according to
one embodiment of the invention.

FIG. 16 shows some of the electrical components for an
MP3 player according to an embodiment of the invention.

FIG. 17 shows one embodiment of the mnvention that has a
card with electrical components coupled to a pair of glasses
through a connector at a temple of the glasses.

FIG. 18 shows a process for a personalized radio according,
to one embodiment of the present invention.
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FIG. 19 shows a number of attributes of control knobs
according to different embodiments of the present invention.

FIGS. 20A-20C 1llustrate different embodiments of power
sources for a pair of glasses according to the invention.

FIGS. 21 A-21B show different embodiments of headset-
to-phone cords according to the present mvention.

FIG. 22 shows an embodiment of the invention of a cord
with a switch for both a cell phone and a player.

FIG. 23 shows one embodiment of a mono-plugs-to-ste-
reo-plug adapter cord according to the mvention.

FIG. 24 shows an embodiment of the mvention with a
speaker at a temple tip with an extension for attachment to a
tube.

FIG. 25 shows an embodiment of the invention with the
temples not extending behind the ears.

FIG. 26 shows an embodiment of the invention with a pair
of eyeglasses functioning as a headset that has a camera, a
microphone and a speaker.

Same numerals 1 FIGS. 1-26 are assigned to similar ele-
ments 1n all the figures. Embodiments of the mvention are
discussed below with reterence to FIGS. 1-26. However,
those skilled 1n the art will readily appreciate that the detailed
description given herein with respect to these figures 1s for
explanatory purposes as the mvention extends beyond these
limited embodiments.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides different embodiments of
glasses that can be applied to multiple functions. With a user
wearing such a pair of glasses, 1t would be more difficult for
a third party to know the specific function or reason the user
1s wearing the glasses for. Regarding the locations of the
clectrical components for the multiple functions, different
embodiments range from all of the components 1n the glasses
to the glasses primarily functioning as a headset.

FIG. 1 shows one embodiment of the invention with a pair
of glasses 100 having speakers. The glasses 100 include a first
lens holder 102 and a second lens holder 104. Both lens
holders are for receiving lenses. The first lens holder 102 has
a first side and a second side. The second lens holder 104 also
has a first side and a second side. The pair of glasses has a
bridge element 106. The bridge element 106 1s coupled to the
first s1de of the first lens holder 102 and the second side of the
second lens holder 104. In one embodiment, the lens holders
and the bridge element are not separate pieces, but are an
integral piece.

The pair of glasses 100 also includes a first temple 108 and
a second temple 110. The first temple 108 1s p1votally secured
to the second side of the first lens holder 102 through a joint.
And, the second temple 110 1s pivotally secured to the first
side of the second lens holder 104 through another joint.

In a number of embodiments, the glasses include one or
more electrical components partially or fully embedded in the
glasses. An electrical component can be a resistor, capacitor,
inductor, transistor or other electrical part, other than just a
conductor or a wire allowing current to flow between or
among e¢lectrical components. An electrical component can
also be more complicated such as an electrical circuit or an
integrated circuit.

FIG. 1 shows one embodiment of the glasses 100 with
clectrical components that include two speakers, each at least
partially embedded in the glasses. The speakers can be used to
enhance the hearing of the user wearing the glasses. In one
example, each speaker, such as speaker 112, 1s 1n one of the
temples, such as temple 110, of the glasses 100. Each speaker
1s closer to one end of the temple than the other end. In the
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embodiment shown in FIG. 1, each speaker 1s closer to the end
of the temple that 1s 1n the vicinity of the lens holder or the
hinge or the joint of the glasses, mnstead of the end that 1s
typically not attached to a hinge. The end of a temple that 1s
typically not attached to a hinge can be known as the free end
of that temple. The speakers can be partially embedded in the
glasses. For example, the mouth of each speaker, where audio
signals propagate from and where sometimes there are small
holes on a sheet of material, can be exposed and not totally
covered up by the temple.

In the embodiment shown in FIG. 1, both speakers are
embedded 1n the glasses, and the speakers output audio sig-
nals 1n the outward direction. In another embodiment, the
speakers output audio signals in the mmward direction. For
example, the output of the speakers can be facing inwards,
towards the user.

The speakers can be embedded in the glasses 1n a number
of ways. For example, each speaker can be first assembled
onto or electrically coupled to a circuit board, which includes
additional electrical components for the glasses. The glasses
can be made of plastic (e.g., plastic frames). With the corre-
sponding speaker, each circuit board can be shaped to fit, for
example, into a temple of the glasses. Each circuit board with
a speaker 1s placed into a mold. Then, hot, molten plastic 1s
injection molded around each circuit board with the speaker
to form the two temple pieces of the glasses. To reduce
weight, the wall of the glasses can be made relatively thin
through mjection molding techniques.

In another embodiment, the glasses have metallic frames.
For example, the frames can be made of Titanium, which is a
relatively light metal. Also, Titantum 1s relatively non-con-
ductive and strong, and 1s quite immune to corrosion. Further,
Titanium can be anodized or heat colored.

For glasses with metallic frames, to prevent circuits from
being shorted or to reduce leakage current, one embodiment
provides an insulating layer between a circuit board 1n the
glasses and the corresponding metallic frame. One example
of an insulting layer 1s a tape to encapsulate the electrical
components. The tape 1s non-conducting so as to provide
insulation and, to a certain degree, can also provide mechani-
cal stifiness. One way to make such a temple 1s to have two
sheets of the metal die-stamped to form the two halves, or the
two faces of a temple piece. A circuit board with a speaker 1s
made to it into the space between the faces. Then, two die-cut
pieces of tape can cover the top and the bottom surfaces of the
circuit board. The board and the speaker with the tape are
sandwiched between the faces to form the temple. The tape
can be double-sided sticky tapes, with one side sticking to the
circuit board, and the other side sticking to the temple. An
adhesive can be used to glue the two faces of the temple piece
together.

In yet another embodiment, the frames are made of hard
rubber. The frames can be manufactured 1n an approach simi-
lar to 1njection molding techniques, with circuit boards and/or
speakers mserted into the mold along with the rubber at the
time of molding.

Different types of speakers can be used, such as, standard,
fixed-magnet/moving coil speakers; speakers with fixed-coil
and a steel diaphragm; piezo-electric speakers; and electro-
static speakers.

In one embodiment, the glasses further include a tube, such
as a plastic tube, extending from each speaker, such as tube
114 from speaker 112. Each tube serves to guide sound gen-
erated by 1ts corresponding speaker to one of the ears of the
user. In one embodiment, each tube extends from its speaker
to the opening of an ear canal of the user.
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FIG. 2 shows an embodiment where a tube 114 1s located
on the outside of a temple 110. In another embodiment, the
tube can be on the mside of a temple.

In one embodiment, a tube can be rotated, such as from
along the temple (behind a temple if the tube 1s on the mnside
of the temple) to being downward at an angle towards one of
the ears of the user, such as the position shown 1n FIG. 2. To
increase tlexibility, the tube can be attached to a rotating disk
116, which allows rotation about the corresponding speaker.

In another embodiment, the tube 1s malleable. This allows
the tube to be placed 1n different positions.

In one embodiment, the length of the tube 1s adjustable.
FIG. 3 shows such an embodiment of a pair of glasses with a
retractable tube 118. In the figure, the tube 1s shown to be 1n
its extended position. As an example, the retractable tube 118
can be retracted into the corresponding temple. As another
example, the retractable tube 118 can retract on 1tself (e.g.,
telescoping).

In one approach, there also 1s a plug 115 at the end of the
tube 114 for inserting into an ear of the user, as shown 1n FIG.
2. The plug 115 can be an ear bud. The plug 115 can provide
a cushion of foam rubber or other materials. Such materials
give comiort and/or enhance sound coupling to the ear canal.

In one embodiment, each ear bud 1s individually made
based on an impression of the user’s corresponding ear canal.
In another embodiment, each ear bud 1s custom fitted into the
corresponding ear of the user.

In another approach, there 1s a funnel at the output of a
speaker. FIG. 4 shows the cross section of such a funnel from
a speaker 120 at a temple region of the glasses. As shown 1n
FIG. 4, the speaker 120 sits on a speaker frame 122, and the
speaker 120 1s electrically connected to a circuit board 124.
As sound 1s generated from the speaker 120, the sound propa-
gates to a tube 126 through a structure in the shape of a funnel
128. Such a structure can help guide the sound to the tube 126
(1.e., improved sound coupling). Also, FIG. 4 shows the tube
126, which can be the tube 114 shown in FIG. 2, mounted
onto the temple region of the glasses with a circular lip 130.
Such a lip 130 allows the tube 126 to rotate relative to the
glasses. In the embodiment shown i FIG. 4, the speaker 120
1s embedded 1n the glasses. Also, 1n FIG. 4, the tube 126 1s at
the front side of the speaker 120. In another embodiment, a
tube can extend from the back side of the speaker to couple the
sound from the speaker to an ear.

In the embodiment of the glasses with two speakers, the
two speakers can also be electrically connected by a conduc-
tor or an electrical wire, with the conductor linking the speak-
ers through the glasses, such as through the lens holders of the
glasses. F1IGS. 5A-5B show an embodiment of the wire 130,
with FIG. SA illustrating a hinge 132 of the glasses 1n the
extended position, and FIG. 3B illustrating the hinge 132
partially closed. As shown in the two figures, the wire 130 1s
embedded 1n a temple 134 to connect to the speaker in that
temple. The wire 130 extends from the temple 134 to a lens
holder 136, and then to the other temple of the glasses to
connect to the speaker 1n the other temple.

Referring back to FIG. 1, electrical components in the
glasses can also include at least one microphone 98, which
can be located at a temple 110, closer to the hinge than the free
end of that temple 110. The microphone 98 receives audio
signals. For glasses with hearing enhancement capabilities,
the audio signals are modified or enhanced (to be further
described below), and then sent to the speaker(s) in the
glasses for the user to hear. In the embodiments that do not
include plugs or ear buds that plug the ear canals of the user,
but may still include tubes guiding sound from speakers to
each ear, the user can hear both the enhanced sound based on
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hearing enhanced electrical components and sound directly
from the ambient environment.

In another embodiment, there can be two microphones.
Each microphone can, for example, be located close to one
hinge of the glasses. The microphone close to the left hinge
can be electrically connected to the speaker at the left temple,
and the microphone close to the right hinge can be electrically
connected to the speaker at the right temple. The one or more
microphones can be directional, more preferential towards
signals 1n specific directions. For example, the microphone
close to the left hinge can be more preferential towards sig-
nals coming from the left, and the microphone close to the
right hinge more preferential towards signals from the right.

In one embodiment, to reduce the weight of the glasses
and/or to enhance the ease of aesthetic design of the glasses,
some of the electrical components are not 1n the glasses.
Instead, they are 1n a base or a portable device carried or worn
by the user. A number of embodiments regarding a base have
previously been described 1n U.S. patent application Ser. No.
10/964,011, entitled “TETHERED ELECTRONIC COM-
PONENTS FOR EYEGLASSES,” and filed Oct. 12, 2004,
which 1s hereby incorporated by reference. In embodiments
with the base, the base 1s tethered, or connected with a wire,
to the glasses. In embodiments with the portable device, the
portable device 1s electronically coupled to the glasses or to
the base (if there 1s a base) wirelessly or through a wired
connection.

FIG. 6 shows one embodiment of the invention with a pair
of glasses 150 having speakers. The glasses 150 can be wire-
lessly coupled to a portable device 152. In this embodiment,
there can also be one or more microphones 154 wirelessly
coupled to the glasses. As an example, FIG. 6 shows the
microphone 154 1n a package that can include a clip 156 to
attach the microphone 154 to a piece of clothing of the user,
such as to one of the lapels on a jacket of the user. In such a
wireless embodiment, the glasses 150 also include a wireless
transcerver for connection to the portable device 152 and/or
the microphone 156.

FIGS. 7TA-7B show examples of different embodiments
illustrating some of the electrical components for wireless
connections to, or for a wireless transceiver 1n, a pair of
glasses. In FIG. 7A, a high frequency or RF antenna 170
wirelessly captures high frequency or RF signals for RF trans-
ceiver circuits 172. If the transceiver circuits are for a con-
ventional superheterodyne system, the transceiver circuits
172 mix the RF signals down to IF signals. Then the IF signals
are processed by baseband circuits to form digital outputs.
Digital outputs from the baseband circuits are coupled to a
processor 174 for further processing. The baseband circuits
can be 1incorporated 1n the processor, or can be separate from
and coupled to the processor. Outputs from the processor 174
are fed to a D-to-A converter 176 to generate audio signals for
a speaker 178.

Similarly, audio analog signals from a microphone 180 can
be fed to an A-to-D converter 182 to generate digital signals
tor the processor 174 and then to the baseband circuits and the
RF transcerver circuits 172. The digital signals are then up-
converted by the RF transcerver circuits 172 and wirelessly
transmitted by the antenna 170.

In another embodiment, digital conversion 1s moved closer
to the antenna. For example, mstead of mixing RF into IF
signals, the RF transceiver circuits directly perform digital
conversion from the RF signals.

High frequency filters can be used at the front end of the RF
transcerver circuits for the RF signals. In one embodiment, to
save space, FBAR (film bulk acoustic resonator) duplexer 1s
employed. A set ol piezoelectric filters can be used to separate
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incoming and outgoing signals. For cell phone operation
(which will be further described below), such filters can
enable a user to hear and speak simultaneously.

FIG. 7B shows another example of some of the electrical
components 1n or tethered to a pair of glasses for wireless
connections. This embodiment does not depend on digitizing
signals. A speaker 190 and a microphone 192 are connected to
an analog interface circuit 194, which 1s coupled to a RF
transceiver circuit 196 and an antenna 198. For the speaker
application, the transcerver circuit 196 converts the RF sig-
nals down 1nto IF signals, which are converted by the analog,
interface circuit 194 into analog signals for the speaker 190.
Similarly, for the microphone application, its analog signals
are converted mto the IF signals by the analog interface circuit
194 to be up converted by the RF transcerver circuits 196 into
RF signals for the antenna 198. These types of wireless con-
nection circuitry are suitable, such as, for simple radios, ana-
log cell phones, CB radios, walkee-talkees, police radios,
intercom systems, or hearing enhancement applications.

Note that 1n the above examples shown 1n FIGS. 7A-7B,
signals from the microphones are transmitted by a wired
connection, instead of a wireless connection.

As described above, 1n different embodiments, some of the
clectrical components are not in the glasses. Instead they are
in a base or a portable device, which can be carried by the user.
The portable device can be electrically coupled to the glasses
through a wired connection. In such approaches, the glasses
also include at least one connector to recerve an electrical wire
from the base or the portable device. The connector can be at
the free end of one of the temples of the glasses, or the
connector can be at another location of the glasses. Different
types of standard or non-standard connectors can be used and
have previously been described 1n U.S. Provisional Applica-
tion No. 60/583,169, filed on Jun. 26, 2004, which 1s hereby
incorporated by reference.

In one embodiment, a standard cylindrical plug connector
1s located at one end of a temple. From a different perspective,
the temple molds around the end of the plug. F1G. 8 shows one
such embodiment. The plug 220 can be a standard audio
connector or a 3-wire or three terminal plug, suchasa 3.5 mm
male stereo mini-phone plug. The 3 wires for such a plug are
typically one for ground, the other two applicable for two
signals, such as signals for two speakers to create stereo
effects. FIG. 8 also shows the three wires 222, 224 and 226,
inside the temple, extended from the plug 220. These wires
are for connection to electrical components in the glasses.

In one embodiment, the cylindrical plug 220 shown 1n FIG.
8 can be covered, such as with a cap or a cover, to protect,
encapsulate or shroud the plug 220. Or, atleast a portion of the
plug 1s covered. Such covering can be for esthetic reasons, or
can be to prevent the plug 220 from scratching the face of the
user (1f the plug has relatively sharp edges) when the user 1s
putting on the pair of glasses.

Instead of a three terminal plug, other types of standard
cylindrical plugs applicable to different embodiments of the
present 1nvention include, for example, a serial connector
with 3 pins, typically one for ground, one for transmitting data
(Tx) and the third for receiving data (Rx); or a 2-wire con-
nector, one served as ground, the other for carrying signals,
such as power and modulated signals.

Instead of a standard connector, a connector can be a non-
standard connector. FIG. 1 shows a non-standard connector
113 at the free end of one of the temples 110. Instead of
having a connector at the free end of a temple, a connector can
be at another location of the glasses. FIG. 9 shows an example
of a non-standard connector 230. The connector 230 includes
one or more conductive pads, 232 and 234, on the top side of
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a temple 236. The connector 230 1s designed to recerve
another connector 240 that grabs onto or attaches around the
side of the temple. There can be an indentation 242 on the
temple 236 to receive the other connector 240. The other
connector 240 can include a top 244 and a bottom 246 clip.
There are a number of conductive pads or sheets 1nside the
other connector 240. The indentation 242 provides alignment
for connection. When attachment 1s at the indentation 242, the
conductive pads, 232 and 234, at the temple 236 will be 1n
contact with the conductive pads or sheets in the other con-
nector 240. There can also be another indentation 248 at the
temple 236 to recerve the bottom clip 246. This can further
enhance the alignment process and assist with securing the
connection.

In FIG. 9, the other connector 240 1s tethered to a plug 250,
which can be inserted 1nto a portable device 252. The portable
device 252, for example, can be a cell phone. The portable
device can include personal digital assistant (PDA) function-
alities. This type of non-standard clip-type connector could
be relatively easily applied to the temple with one hand, for
example, while the user 1s driving a car.

In the wired embodiment shown in FIG. 9, a microphone
does not have to be 1n the glasses. As shown 1 FIG. 9, a
microphone 254 can be attached to the wire 256 that connects
the glasses to the portable device 252.

FIG. 10 shows one embodiment of the invention with a pair
of glasses 260 having a microphone 262 coupled to a wire.
The wire 1s connected to a portable device 264 through a plug
266, and to the glasses 260 through a jack 268. The portable
device 264 can be 1n a shirt pocket as shown. There can also
be a clip 265 to attach the wire to an article of clothing worn
by the user.

In one embodiment, the glasses include electrical compo-
nents for hearing enhancement functionalities. The electrical
components enhance audio signals, such as audio signals
received by a microphone at the glasses. Then the enhanced
signals are sent to the speakers for the user to hear. In one
embodiment, the hearing-enhancing electrical components
include a processor. The processor can be the processor 174
shown 1n FIG. 7A. In this embodiment, the hearing-enhanc-
ing functionalities are performed through digitizing the cor-
responding audio signals. Then the processor, using digital
signal processing techniques, operates on the digitized sig-
nals, such as boosting specific frequency bands.

In another embodiment, the hearing enhancing functional-
ities are provided by analog filter circuits. For example, ana-
log filter circuits, using analog processing techniques, operate

on the audio signals, such as boosting specific frequency
bands.

In one embodiment, one hearing enhancement function
includes amplifying the audio signals recerved 1n a frequency
range between 500 Hz to 8 kHz. Typically, a user’s hearing
impairment 1s not the same across all audio frequencies. For
example, 1n English, the user might be able to easily pick up
the sound of vowels, but not the sound of consonants, such as
“S” and “P”. FIG. 11 shows a number of embodiments regard-
ing frequency-dependent amplification of the recerved audio
signals.

One approach for frequency-dependent amplification
focuses on amplitying the higher audio frequency ranges.
This approach assumes that hearing degradation typically
starts at the higher audio frequencies, such as above 2 to 3
kHz. Hearing may need more assistance at the higher audio
frequency range. For example, the audio signals received by
a microphone can be amplified by 30 dB in the frequency
range from 2 kHz to 4 kHz. Or around the entrance of the ear,
the audio signals 1n that frequency range can be amplified to
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reach sound pressure level (“SPL™") to about 80 dB. For lower
audio frequencies, such as below 2 kHz, the amplification can
be lower, such as 10 dB. Or for frequencies lower than 500
Hz, the maximum SPL does not have to be higher than 55 dB.

Another {frequency-dependent amplification approach
focuses on amplifying an audio frequency range that typically
contains most of the information in everyday communication.
For example, about 70% of the information i everyday
human communication can be within the frequency range of
1 to 2 kHz. The frequency range that 1s selected to be ampli-
fied can be such a frequency range. Other frequency ranges
are not selected for amplification.

There are benefits 1n embodiments where the ear canal
remains open, with no plug inserted into the ear. For example,
the user can be hearing the audio signals directly from the
sender (1.e., without assistance provided by the hearing
enhancement electrical components). If the embodiments
turther implement frequency-dependent amplification, for
frequencies not within the ranges selected for amplification,
the user can hear those signals directly from the sender. Lower
frequencies, such as those below 2 kHz, are typically louder.
Also, frequencies 1n the range, such as from 2000-3000 Hz,
are typically in the natural resonance of the ear canal, which
1s typically around 2700 Hz. As a result, the intensity of these
frequencies would be increased by about 15 dB. Further, with
no plug inserted into the ear, there is typically no occlusion
elfect due to, for example, the user’s own voice.

However, 1n embodiments with the ear canal not plugged/
blocked/covered, signal processing speed of the frequency
enhancement electrical components can be important. In such
embodiments, the user can be hearing the audio signals both
from the sender and the glasses’ speakers. To prevent echoing
elfect, signal processing speed for hearing enhancement can-
not be too low. Typically, the user would not be able to
distinguish two 1dentical sets of audio signals 11 the difference
in arrival times of the two signals 1s below a certain delay
time, such as 10 milliseconds. In one embodiment, the hear-
ing enhancement signal processing speed 1s faster than such a
delay time.

In one embodiment, the user has the option of manually
changing the amplification of the system. The system can
have a general volume controller that allows the user to adjust
the output power of the speaker. This adjustment can also be
across certain frequency bands. For example, there can be
three volume controls, each for a selected frequency band.

In another approach, amplification across frequencies 1s
tailored to the hearing needs of the user. This tailoring can be
performed through calibration. FIG. 12 shows a number of
embodiments regarding calibration of a user’s hearing, for
example, across various Irequencies and/or for different
amount of amplification. Calibration enables the glasses to
determine (e.g., estimate) the hearing sensitivity of the user.
Through calibration, the user’s hearing profile can be gener-
ated.

The user can perform the calibration by himseli/hersell.
For example, the audio frequencies are separated into differ-
ent bands. The glasses generate different SPL at each band.
The specific power level that the user feels most comiortable
would be the power level for that band. Alternatively, the
glasses could generate diflerent tones 1n different frequency
bands. The user could compare the tones and rate the per-
ceived loudness. In this process, the glasses can prompt the
user and lead him through the process interactively. Based on
the measurements, the glasses could create a calibration
curve, which becomes the personal hearing profile for that
user. After calibration, signals received in different bands,

5

10

15

20

25

30

35

40

45

50

55

60

65

14

such as by a microphone 1n the glasses, will be amplified or
attenuated according to the hearing profile.

In another embodiment, calibration can be done through a
web site. The web site can guide the user through the calibra-
tion process. The user can be sitting 1n front of a computer
terminal that 1s connected through the Internet to the web site.
The terminal includes a headset that produces audio sounds.
Alternatively, the user could be wearing the glasses that are
connected through a cable to the sound card of the computer.
The headset (or the glasses ) generates different SPL at differ-
ent frequency bands to test the user’s hearing. The specific
power level that the user feels most comfortable would be the
power level at that band for the user. After testing 1s done for
all of the bands, based on the power levels for each band, the
web site creates and stores the user’s personal hearing profile.
Alternatively, the calibration procedure could be done ofl-
line, with software provided on a storage device, such as a
disc. The software could be 1nstalled on the user’s computer.
After installation, the software can guide the user through the
calibration process.

Note that the different calibration processes can also be
done by a third party, such as an audiologist, for the user.

The user’s hearing profile, which typically 1s represented
as digital data, can be stored 1n the glasses, 1n a base, or in a
portable device. After calibration, the hearing profile can be
downloaded, from, for example, the above described termi-
nal, into the glasses wirelessly, such as through Bluetooth,
inirared or other wirelessly interconnection technologies, or
through a wired connection. The hearing profile can alterna-
tively be stored 1n a portable media storage device, such as a
memory stick. The memory stick could be mserted into the
glasses, the base, the portable device, or some other audio
generating device, which desires to access the hearing profile
and personalizes the amplification across frequencies for the
user.

The glasses (or the base, or the portable device) can also
periodically alert the user for re-calibration. The period can
be, for example, once a year. Also, the calibration can be done
in stages so that it 1s less onerous and/or less obvious that the
user 1s wearing a hearing enhancing device.

In another embodiment, there can be many pairs of glasses.
Each pair amplifies the received audio signals 1n a preset
frequency range by a preset amount. For example, two pairs
amplily two respectively different preset frequency ranges by
20 dB. In another set, each pair provides different amount of
amplification for the received audio signals 1n the same preset
frequency range. For example, the different amount of ampli-
fication ranges from 20 to 40 dB at 5 dB intervals for the
preset frequency range of 2500 to 4000 Hz. At a store, a
consumer can try out different glasses with different preset
amplifications at the same or different preset frequency
ranges, before buying the one the consumer prefers.

In another embodiment, there 1s an assortment of standard
hearing profiles, such as 20 or so. The user would just pick the
one that sounds best.

If the glasses include hearing enhancement capabilities,
the hearing enhancement functions might be on continuously
for a long duration of time, power consumption can be an
issue. In yet another embodiment, the glasses also include
clectrical components that are for managing power consump-
tion of other electrical components 1n the glasses, such as the
components to enhance hearing or other functionalities in the
glasses. The electrical component can be a power controller,
a microprocessor, or the processor 174 1 FIG. 7A. Such
glasses can include power management software applica-
tions/processes to manage power consumption of the glasses.
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FIG. 13 shows a number of embodiments for managing,
power consumption of the glasses. One embodiment includes
a manual on/off switch, which allows the user to manually
turn off the electrical components 1n the glasses as he desires.
The on/off switch may not have to be on the glasses. It can be
on a base or a portable device tethered to the glasses.

The operation of the electrical components can be on-
demand. For example, the on/off switch can be voice acti-
vated. The glasses are trained to recognize specific recitation,
such as specific sentences or phrases, and/or the user’s voice.
To 1llustrate, when the user says sentences like any of the
following, the hearing enhancement capabilities would be
automatically turned from the sleep mode to the active mode:
What did you say? Louder. You said what?

In another embodiment of on-demand power management,
the glasses can identily noise (e.g., background noise), as
opposed to audio signals with information. To 1llustrate, 11 the
audio signals across broad audio frequency ranges are flat
(not deviate more than a preset threshold amount), the glasses
could assume that the received audio signals are noise. In
another approach, i the average SPL of the received audio
signals 1s below a certain level, such as 40 dB, the glasses
would assume that there are no audio signals worth amplify-
ing. In yet another embodiment, when the amplitude or the
power level of the received audio signals 1s below a certain
threshold for a duration of time, at least some of the electrical
components in the glasses can be deactivated. This duration
of time can be adjustable, and can be, for example, 10 seconds
or 10 minutes. In another approach, only when the signal-to-
noise ratio of the audio signals 1n the ambient1s above a preset
threshold, would the deactivated electrical components be
activated (1.e., awakened from the sleep mode, the reduced
power mode or the standby mode). In any case, to deactivate,
the glasses or the hearing enhancement capabilities can be
placed into a sleep mode, a reduced power mode or a standby
mode.

Another approach to manage power consumption can
make use of a directional microphone. This approach can
improve the signal-to-noise ratio. The gain at specific direc-
tions of such a microphone can be 20 dB higher than omni-
directional microphones. The direction of the directional
microphone can vary with application. However, in one
embodiment, the direction of the directional microphone can
be pointing forward or outward away from the user. The
assumption 1s that the user typically faces the sender of the
message, and thus it 1s the audio signals 1n front of the user
that should be enhanced.

In yet another embodiment of power management, the
amplification of the glasses on at least a range of frequencies
depends on the ambient power level, or the noise level of the
environment of the glasses. One approach to measure the
noise level 1s to measure the average SPL at gaps of the audio
signals. For example, a person asks the user the following
question, “Have vou leit your heart in San Francisco?” Typi-
cally, there are gaps between every two words or between
sentences or phrases. The glasses measure, for example, the
root mean square (“rms’’) value of the power in each of the
gaps, and can calculate another average among all of the rms
values to determine the noise level. In one embodiment, the
glasses increase the amplification so as to ensure that the
average power of the output audio signals by its speaker(s) 1s
higher than the noise level by a certain degree. For example,
the average SPL of the output audio signals from the glasses
1s 20 dB above the noise level.

In another embodiment, if the average power level of the
environment or the ambient noise level 1s higher than a preset
threshold value, signal amplification 1s reduced. This average
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power level can include all the audio signals recerved by, such
as the microphone(s) of the glasses. The rationale 1s that if the
environment 1s very noisy, 1t would be difficult for the user to
hear the audio signals from the other person anyway. As a
result, the glasses should not keep on amplifying the audio
signals independent of the environment. To illustrate, 11 the
average power level of the environment 1s more than 75 dB,
hearing enhancement amplification 1s reduced, such as to O
dB.

In yet another embodiment, the glasses further include
automatic activation/deactivation mechanism controlled by a
sensor that determines whether the user 1s wearing the eye-
glasses. A number of such being-worn sensor embodiments
have previously been described, such as 1n U.S. patent appli-
cation Ser. No. 11/078,853, filed Mar. 11, 2005, entitled,
“EYEWEAR WITH RADIATION DETECTION SYS-
TEM.,” which 1s hereby incorporated by reference.

A number of embodiments have been described on hearing
enhancement. In other embodiments, at least one electrical
component 1n the glasses 1s for generating audio signals that
do not originate from signals captured by the microphone(s)
in the glasses. These audio signals can be known as other
audio signals. FIG. 14 shows different embodiments of the
sources of such other audio signals. These signals can origi-
nate from relatively private sources or public sources.

In one example of signals from private sources, the other
audio signals originate from a phone call recerved by the
glasses. Such a pair of glasses can include wireless commus-
nications electrical components of a phone. The phone can be
a mobile telephone, a cordless phone, a speaker phone, a CB
radio, a walkee-talkee, an intercom system or other types of
phone. The wireless communications electrical components
can be located 1n at least one of the temples of the glasses.
Some of the electrical components of the phone can be 1n a
base or 1n a portable device wired or wirelessly coupled to the
glasses. The glasses can pick up signals from a caller, and the
speaker(s) in the glasses produce the audio signals, or a rep-
resentation of the audio signals, from the caller.

There can be an operation indicator on the frame of the
glasses to indicate that there 1s an incoming call. The indicator
can be based on, for example, sound, light or vibration. In one
embodiment, the indication 1s based on light, and 1s located on
the 1nside of a temple close to the hinge of that temple. Such
an operation indicator can be implemented 1n a variety of
ways, such as with a light emitting diode (LED). There can be
one LED coupling to more than one optical fiber, with each
optical fiber guiding the light from the LED to different areas
of the frame. In the case of a LED, the operation indicator 1s
a light source, and can produce light of the color of the LED.
In another embodiment, the operation indicator could repre-
sent a small text display, such as a liquid crystal display
(LCD). The indicator can also be a signal light.

In one embodiment, activation/deactivation of the phone 1s
based on whether an incoming call 1s present. For example, on
receiving an incoming call, the glasses can automatically
activate (or wake-up) to engage 1n wireless communication.
Activation/deactivation can also be triggered by a button pro-
vided on the frame of the glasses. The button can serve to
accept or drop a call. One advantage of providing activation/
deactivation 1s that the glasses are able to be power managed
so that power consumption is reduced and the life of power
sources, such as battery life, 1s extended.

FIG. 15 1s a flow diagram of call processing 300 according,
to one embodiment of the invention. The call processing 1s
performed using glasses disclosed 1n different embodiments
that have wireless communication capabilities. For example,
the glasses can be based on the glasses shown 1n FIGS. 1 or9.
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The call processing begins with a decision 302 that deter-
mines whether a call 1s incoming. When the decision deter-
mines that a call 1s not incoming, then the call processing
waits for such a call. Once the decision 302 determines that a
call 1s incoming, the glasses are activated 308. Here, the
wireless communications capability of the glasses 1s activated
(e.g., powered-up, enabled, or woken-up). The user of the
glasses 1s then notified 310 of the mmcoming call. In one
embodiment, the notification to the user of the incoming call
can be achueved by an audio sound, such as a ringer, produced
by the glasses (via a speaker). Alternatively, the user of the
glasses could be notified by a vibration (such as by a base
tethered to the glasses), or a visual (e.g., light) indication
provided by the glasses.

A decision 312 then determines whether the incoming call
1s to be answered. For example, the user can push a button to
indicate that the user wants to answer the call. When the
decision 312 determines that the imncoming call 1s not to be
answered, the glasses can activate a voice message informing
the caller to leave a message 314 or istructing the caller as to
the unavailability of the recipient.

On the other hand, when the decision 312 determines that
the mmcoming call 1s to be answered, the call can be answered
316 at the glasses. The user of the glasses 1s accordingly able
to communicate 320 with the caller by way of the glasses and,
thus, 1n a hands-1ree manner.

A decision 322 then determines whether the call 1s over
(completed). When the decision 322 determines that the call
1s not over, the call processing returns to repeat the operation
320 and subsequent operations so that the call can continue.
On the other hand, when the decision 322 determines that the
call 1s over, then the glasses can be deactivated 324, and the
call 1s ended. The deactivation 324 of the glasses can place the
glasses 1n a reduced-power mode. For example, the deactiva-
tion 324 can power-down, disable, or sleep the wireless com-
munication capabilities (e.g., circuitry) of the glasses. Fol-
lowing the operations, the call processing for the particular
call ends.

In an embodiment where the glasses operate as a wireless
headset of a portable device (e.g. a cell phone), a wireless link
can be established between the headset and the portable
device 1t the incoming call 1s to be answered. The wireless
link 1s, for example, a radio communication link such as
utilized with Bluetooth or Wi-Fi networks. Thereafter, com-
munication information associated with the call can be
exchanged over the wireless link. The portable device
receives the mcoming call, and communicates wirelessly to
the glasses such that communication information 1s provided
to the user via the glasses. When the decision determines that
the call 1s over and the glasses are deactivated, the wireless
link 1s also ended 326.

Regarding the hearing enhancing capabilities described, in
one embodiment, when there 1s an mcoming call, hearing
enhanced capabilities are deactivated, and the glasses
receives the incoming call. In another embodiment, when the
user wants to receive the incoming call, one or more embodi-
ments of the hearing enhanced capabilities enhance the audio
signals from the imcoming call.

One advantage of cell phones 1s that you can make calls
anywhere you can get a signal. However, one disadvantage 1s
that youmight be making a call in anoisy environment. In one
embodiment, the glasses also include electrical components
for noise cancellation. Such noise cancellation functionalities
can be activated during a phone conversation.

In one approach, noise cancellation 1s achieved through a
first and a second directional microphones. The first one
points at the user’s mouth, and the second one points away.
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For example, the first one can be at one of the hinges as shown
in FIG. 1, whose directionality favors sound arriving from the
user. There can also be a tube from the first microphone to or
towards the mouth of the user, to guide the sound from the
mouth to the microphone. The second microphone can be in
the vicinity of the other hinge, whose directionality favors
sound arriving in front of or outside of the user. Signals
received from the second microphone are subtracted from
signals received from the first microphone before the audio
signals are further processed for transmission as the message
from the user.

Referring back to FI1G. 14, other examples of audio signals
originating from private sources include the other audio sig-
nals originating from different types of audio players, such as
televisions, stereo systems, media asset players, or radios.
The audio players can be in the glasses. In other embodi-
ments, at least some of the electrical components of the audio
players can be 1n a base tethered to the glasses, or in a portable
device wired or wirelessly coupled to the glasses. For
example, the other audio signals can originate from a portable
device, which might produce, receive or play audio content.
The audio content 1s then transmitted to the eyeglasses 1n a
wired or wireless manner. The eyeglasses serve as a receiver
of the audio content from the portable device and reproduce
the audio signals for the user.

The glasses with the call processing ability perform two-
way communications. In the embodiments of the glasses
operating as audio players, the glasses perform one-way com-
munications (or at least substantially one-way communica-
tions).

As an example of audio player being a stereo system, a pair
of glasses includes electrical components of a headset for
wirelessly recerving audio signals. Assume the user 1s work-
ing in the backyard and the stereo system is 1n the living room.
The music from the stereo can be wirelessly transmitted to the
glasses or to a portable unit carried by the user, which can
re-transmit the music to the glasses wired or wirelessly. The
speakers 1n the glasses can generate the music for the user to
enjoy. Based on this technique, the user can enjoy the music
without the need to crank up the volume of the stereo system.

In another example of an audio player, a pair of glasses
includes a multimedia asset player, such as a MP3 player.

FIG. 16 shows some of the electrical components for an
MP3 player 340 according to one embodiment of the mven-
tion. The player 340 includes a speaker 342 and a data bus
343, which facilitates data transfer among, for example, a
processor 344, a storage device 3435, and a coder/decoder
(CODEC) 346. The processor 344, which can be a micropro-
cessor or controller, controls the operation of the player 340.
The storage device 345 stores the multimedia assets, such as
MP3 files, or other types of media data that are appropnately
formatted. In one example, the MP3 files are digitally
encoded songs or other types of audio signals. The storage
device 345 can include a number of separate storage ele-
ments. For example, the device 345 can be a tlash memory
device, or a minidisk device, and a cache, which can improve
the access time and reduce power consumption of the storage
device 345. The storage device 345 typically also includes a
Read-Only Memory (ROM), which stores programs, utilities
or processes to be executed 1n a non-volatile manner. The
player 340 can also include a RAM, such as for the cache.

Once a media asset, such as a song, 1s selected to be played,
the processor 344 supplies the asset to the CODEC 346,
which decompresses the asset and produces analog output
signals for the speaker 342. In one embodiment, the bus 343
1s also coupled to an input/output device 347, which could, for
example, allow a user to upload songs 1n the glasses to an
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external instrument, such as a computer; or download songs
from the mstrument to the glasses.

There are different approaches to select a song. In one
embodiment, the media assets/songs can be categorized 1n the
asset player. The categorization can be based on the names of
artists, albums and/or songs. The categorization can be hier-
archical, with multiple levels 1n the hierarchy. To 1illustrate,
assume that there are three levels. The top level can be the
name of a singer; the second level can be the time periods
when the assets were produced, and the third level can be the
names of the songs. The entries, such as the name of the
singer, can be abbreviated. There can be a small display and a
control knob to allow a user to scroll down entries 1n a level.
By pushing the knob, the user selects an entry, which can lead
the user to a lower level. There can be an entry for moving up
a level also. In another embodiment, the display 1s a touch-
screen display, allowing entries to be entered directly on the
display. In yet another embodiment, entries can be selected
based on voice recognition.

All of the electrical components of the asset player, such as
the MP3 player, do not have to be fully embedded in the
glasses. In one embodiment, at least a portion of the MP3
player can be coupled to the glasses through a connector at the
glasses. FIG. 17 shows a card connector 350 to receive a card
352, such as a removable media card (e.g., memory card).
There can be a cover 354 to secure the media card 1n place
after 1t 1s 1nserted into the card connector. The cover 354 can
also protect the card once the card 1s 1n the card connector.
The connector 350 can be, for example, at a broad side of a
temple 356, as shown 1n the figure. The card can be for an
MP3 player. It can be a memory card for a MP3 player, with
the speaker of the player 1n the temple 356. The speaker can
play the multimedia assets accessed from the card through the
connector. In another embodiment, some of the electrical
components of the different types of audio players canbe in a
portable device, wired or wirelessly coupled to the glasses.

FIG. 1 shows two speakers, one speaker at one of the
temples. In embodiments regarding generating other audio
signals, the two speakers can provide stereo effects. There can
also be more than one speaker at each temple. The glasses can
provide four or more speakers to give a high fidelity sound or
a surround sound effect. For example, each temple can
include one speaker close to the hinge, and one speaker close
to the tip of that temple or 1ts temple tip. In one embodiment,
a temple tip 1s separable from 1ts temple. In other words, the
temple tip 1s a replaceable part. In another embodiment, a
temple tip 1s an integral part of its temple. The different
speakers can generate different portions or sections of the
sound. Further, 1t a base or a portable electronic device 1s
coupled to the glasses, the base or the portable electronic
device can contain another speaker, such as a base or woofer
speaker. Such embodiments enable the glasses to provide a
personal high-fidelity sound or a surround-sound environ-
ment.

In one embodiment, the audio player can be a radio. The
glasses 1nclude the electrical components of a radio. There
can also be switches on the glasses to control the operation of
the radio. For example, one switch 1s an on/off switch, which
can also change the volume of the radio. This switch can be a
roller switch or can be based on two switches (one for moving,
up and the other moving down). Another switch can be a push
button, which when pushed will reset the radio to a specific
station, such as 88 MHz. A third switch 1s another push
button, which when pushed will scan up to the next station,
relative to the previous station. Different types of control
knobs or switches will be further described below.
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In one embodiment, the radio 1s a personalized radio that 1s
personalized to the user. For example, the radio keeps track of
at least one preference of the user regarding audio signals
from the radio received by the user. FIG. 18 shows a process
375 according to one embodiment for a personalized radio.
Initially, a pair of glasses according to the invention receives
3777 a piece ol music from a radio station. That piece of music
1s stored 379 1n a buller or a temporary storage area. This
temporary storage area can be in the glasses or tethered/
coupled to the glasses. The piece of music 1s also sent 381 to
a speaker 1n the glasses.

Assume that the user likes the music. Based on a preference
indicator, the user shows his preference. After the glasses
recetve 383 an indication that the user likes the music, the
glasses determine 385 the song corresponding to the 1indica-
tion. That piece of music can then be moved 387 from the
buifer to a permanent storage area, such as into a flash
memory. The beginning and the end of the piece of music can
be 1dentified based on additional information embedded with
the piece of music. There can be meta data tied to the music
keeping such additional information. With the piece of music
stored 1n the permanent storage, the user can subsequently
access 1t as desired.

There are different ways to determine the song or the
content being played by the radio being the one preferred by
the user. For example, one way/rule 1s that when the user
pushes a specific button (a preference button) on the glasses
or voices his preference, the song (or media asset or media
file) that 1s being played at that point 1n time 1s the one the user
likes. Since an operating system can be responsible to send
the music to the speaker, the operating system knows what
song 1s being played at that time. Based on the rule, the song
of preference 1s determined when the button 1s pushed.
Another rule 1s that when the user shows his preference, and
there 1s no song being played at that instance, the song imme-
diately preceding the break 1s the song of preference.

In another embodiment, the glasses can get 389 an 1denti-
fication for the song the user likes. For example, the glasses
can ask the user to provide an identification for the piece of
music. This identification can be the type of music, the name
of the singer/artist, the name of the music, the name of the
album or other 1dentification. In another embodiment, there
can be meta data embedded, such as 1n the beginning part of
the music (or media asset). Having such meta data embedded
1s not uncommon for music in digital format. The meta data
can include 1identifications for the music. The glasses can get
such 1dentification. Based on the identification, the song 1s
categorized 391 accordingly, such as grouped with other
songs having the same identification. Such categorization
process would enhance the ease of accessing the song by the
user at a later time.

In one embodiment, when the user activates the different
types of audio players, the hearing enhancement mode 1s
deactivated. In another embodiment, when the user activates
the different types of audio players, one or more features of
the hearing enhancement capabilities operate on the audio
signals from the audio players. In other words, different
embodiments of the hearing enhancement capabilities previ-
ously described can be activated or deactivated on the audio
signals from the different types of audio players.

Referring back to FI1G. 14, regarding, pu blic use, the audio
signals generated by the Speakers can originate from a public
source. The public source can be a source that generates the
audio signals for many people, or for people in a public
environment. For example, the user can be at a conference or
a theater. In one embodiment, the glasses can be coupled to
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the conference microphone or the theater speaker wirelessly,
and are capable of capturing the audio signals therefrom.
Again, the coupling can be through a portable device wired or
wirelessly connected to the glasses. Then the glasses re-gen-
crate the corresponding audio signals for the user. Again,
different embodiments of the hearing enhancement capabili-
ties previously described can be activated or deactivated on
the audio signals from the public sources.

There can be one or more control knobs or switches at the
glasses for controlling the operation(s) of the glasses. F1G. 19
shows a number of attributes 400 regarding control knobs.
The knobs can be of different physical structure 402. For
example, a control knob can be a roller, a switch or a push-
button. A control knob serving as an up/down controller can
use two buttons (one for up and the other for down), or aroller
(rolling 1n one direction being up and the other direction being
down).

A control knob can include additional intelligence 404. For
example, a push-button control knob can serve different pur-
poses depending on the duration the knob 1s being pushed. IT
a user pushes it for more than three seconds, the knob serves
as an on-off toggle switch for the glasses. In another example,
a knob can serve multiple purposes, and the specific purpose
depends on the number of times the knob 1s pushed non-stop.

A knob can also be programmed by a user. A user can
connect the glasses to a computer and program the knob
accordingly. For example, one can program a knob such that
if the knob 1s pushed for more than three seconds, the knob
would serve as an on/off switch for the glasses.

The location 406 of a control knob can vary for different
applications. A control knob can be located on the glasses. A
control knob can be on the top, the side or the bottom of a
temple of the glasses. A control knob can be located at the
inside of a temple facing the user.

Assume that there are a number of control knobs and all of
them are on the edges of a temple, except one. By being at a
position substantially different from other control knobs, this
knob can serve a specific purpose. For example, 1t can be an
on/oil control knob for all of the electrical components in the
glasses.

In yet another embodiment, a control knob can be located
in a portable device wired or wirelessly coupled to the glasses,
or 1n a base tethered to the glasses.

The number 408 of control knobs can vary depending on
operations. For example, there 1s an on/off control knob and a
volume up/down control knob. If the glasses are used for cell
phone headset applications, 1n one embodiment, there 1s also
an answer/hang-up control push-button. I the glasses serve
as a radio, in one embodiment, there 1s also a channel selec-
tion control knob, which can be an up/down controller, like
two push buttons. If the glasses serve as a CD player, in one
embodiment, there 1s a play control knob, a stop control knob,
and a skip forward/backward control knob. If the glasses
serve as a multimedia asset player, such as a MP3 player, 1n
one embodiment, there 1s a skip-forward/backward-song
control knob and a select-song-to-play control knob.

In a number of embodiments described, a pair of glasses
can serve different applications. For such embodiments, a
switch on the glasses (a base or a portable device coupled to
the glasses) can also serve different functions, depending on
the application.

Different types of switches are applicable for different
applications. Additional disclosures on switches are i U.S.
Provisional Application No. 60/383,169, filed on Jun. 26,
2004, which 1s hereby incorporated by reference.

Regarding power sources for electrical components, in one
embodiment, the power sources, which can be batteries and/
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or solar cells, are 1n the glasses. In another embodiment, one
or more batteries can be inserted into the glasses. The batter-
1es can be of various sizes and types. For example, as shown
in FIG. 20A, a coin battery 420 (e.g. CR1025) can be inserted
into the tip section or the free end of one of the temples 416.
FIG. 20B shows the embodiment shown in FIG. 20A with a
bigger coin battery 422 (e.g. CR2032) mnserted into the slot.
Since the size of the battery 1s bigger than the size of the slot,
a portion of the battery 422 sticks out of the slot. FIG. 20C
shows another embodiment of the glasses that include a slot/
cavity to receive a battery adapter 426. The slot 418 in FIG.
20A can be the same as the slot 424 1n FI1G. 20C. The adapter
426 can be the same size and shape of the battery shown 1n
FIG. 20A, and with two terminals, just like the battery. How-
ever, the adapter, by 1tself, 1s not an energy source. The
adapter 1s connected to a cable 428, with at least two wires
inside, one for each terminal of the adapter. The adapter 426
1s 1serted 1nto the cavity 424 of the glasses, and 1s coupled
through the cable 428 to a case or a capsule 430 that holds a
battery 432. The two wires in the cable 428 are for the two
terminals of the battery 432. The size and capacity of the
battery held by the capsule can be bigger than the coin battery,
and could be less expensive than the coin battery. In one
embodiment, the capsule 430 holds an AA battery. Note that
in one approach, the temple 1n FIG. 20C 1s the same as the
temple 1 FIG. 20A. In yet another embodiment, the power
sources are 1n a base or a portable device connected to the
glasses through a wire connection, and the power sources can
be rechargeable.

In a number of embodiments, some of the electrical com-
ponents for hearing enhancement and/or for generating other
audio signals are 1n a base tethered to the glasses. In other
embodiments, some of the electrical components are in a
portable device, wired or wirelessly coupled to the glasses. In
yet other embodiments, all of the electrical components are in
the glasses.

In different embodiments, the glasses can be a pair of
sunglasses, auxiliary frames, fit-over glasses, prescription
glasses, reading glasses, safety glasses, swim masks, or
goggles, such as ski goggles.

In a number of embodiments, the frames of the glasses have
more surface area than frames with minimal structure, such as
those frames with lenses connected together by wires. For
example, the temples of the glasses can have a taper profile.
Each of the temples can be wider or broader when 1t 1s close
to 1ts corresponding joint. In one embodiment, the temple 1s
wider or broader by spanning across a wider or broader area
longitudinally down, creating a bigger surface somewhat par-
allel to the face of the user. FIG. 1 shows an example of such
an embodiment.

In another embodiment, there can be a shield at least at one
of the edges of each of the lens holders of the glasses. These
shields can wrap around, or better conform to the profile of,
the face of the wearer. The shields can be opaque. There can
be transparent or translucent windows on these shields. To
illustrate, 1n fit-over sunglasses, when worn over a pair of
prescription glasses, such shields can go over or cover at least
a portion of the pair of prescription glasses. Note that 1n one
embodiment, a pair of glasses does not have to include lenses.

A number of embodiments have been described with elec-
trical components 1n the temples of the glasses. In yet another
embodiment, at least one electrical component 1s in other
parts of the glasses, such as 1n a shield, the bridge or a lens
holder of the eyeglasses.

A number of embodiments of glasses have been described
where the glasses imnclude hearing enhancement capabilities
and can generate one or more types of other audio signals.
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Note that electrical components for such functionalities can
be shared. For example, different functionalities can share the
same power source, or the same processor/controller.

Though a number of embodiments of glasses have been
described where the glasses with hearing enhancement capa-
bilities also generate other audio signals, different embodi-
ments of the glasses only have hearing enhancement capa-
bilities. In yet other embodiments, the glasses do not have
hearing enhancement capabilities, but generate other audio
signals.

In one embodiment, the glasses function as a headset and
are adaptable for different applications, such as hearing
enhancement, communication (e.g. phone operation) or lis-
tening to other audio signals (e.g. MP3 operation). The user
initially can use the glasses as the headset for a phone or an
MP3 player. Later, as the user’s hearing degrades, the user can
use the glasses as the headset for hearing enhancement or
hearing boosting. In any event, when a person 1s using the
headset, a third party may not be able to tell whether the
person 1s having his hearing enhanced, or listening to other
audio signals.

With the glasses functioning as a headset, in one embodi-
ment, the glasses can include a connector and two speakers,
one at each temple, both electrically connected through a
conductor embedded in the glasses. The conductor can be a
wire, similar to the embodiments shown in FIGS. SA-5B. The
connector can be located at the free end of one of the temples,
such as the embodiment shown in FIG. 8. The connector can
be a standard connector, such as a 3-wire or three terminal
plug, or a 3.5 or 2.5 mm male stereo mini-phone plug. The
three terminals can be for the two speakers and ground, with
both speakers sharing the same ground. In one approach, the
positive terminal of the left speaker 1s connected at the first
terminal of the plug, the positive terminal of the right speaker
1s connected to the second terminal of the plug, and the
ground terminals of the speakers are connected to the third
terminal of the plug.

The plug at the glasses can be used to recerve stereo signals
tor the two speakers. The stereo signals can be from a separate
audio source, such as an MP3 player or a radio. There can be
an audio cord that has a male stereo connector at one end and
a female stereo connector at the other. The female connector
of the cord 1s for recerving the plug at the glasses, while the
male connector of the cord 1s for inserting into the headset
jack of the player or the radio.

The headset can be used as the headset for a cell phone.
Phone calls can be made with the headset using a headset-to-
phone cord. FIGS. 21A-21B show two embodiments of such
a cord. The cord includes a female stereo mini-phone jack at
one end and a male stereo mini-phone plug at the other end.
The three terminals at the stereo mimi-phone plug can be
designated as the m (microphone), s (speaker), and g (ground)
terminals.

FIG. 21 A shows one approach 450 for the wiring connec-
tions 1n a headset-to-phone cord. One end of the cord can have
a female stereo mini-phone jack for connection to the plug
452 at a temple tip 454 of a pair of glasses. The female jack 1s
not shown in FIG. 21A. The other end of the cord 450 has a
stereo plug 456, with three terminals, the m 460, the s 464 and
the g 462 terminals. The plug 456 1s for inserting 1nto the
headset jack of the phone. In the approach shown 1n FIG. 21
A, the two speakers 1n the glasses are connected 1n series, and
the microphone 458 for the phone 1s attached to the cord,
similar to the microphone 254 shown 1n FIG. 9.

Regarding wiring connections in the cord 4350, the micro-
phone 4358 1s connected with wires between the m 460 and the
g 462 terminals for the user to speak into. Note that in this
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embodiment, the negative terminal of the microphone 458 1s
extended through a wire to connect to the ground terminal 462
within the plug 456. The positive terminal for one speaker 1s
connected to the s 464 terminal, and the positive terminal for
the other speaker to the g 462 terminal. The two negative
terminals of the two speakers are connected together (such as
inside the glasses) to complete the circuit. In this embodi-
ment, both speakers are connected 1n series and the audio
signals of the caller go through both of them.

FIG. 21 B shows another approach 470 for the wiring
connections in a headset-to-phone cord. In this approach, the
two speakers 1n the glasses are connected in parallel. A micro-
phone 472 1s connected between the m 474 and the g 478
terminals. The negative terminal of the microphone 472 1s
extended through a wire to connect to the g 478 terminal at a
location within the plug 480. The positive terminals for both
speakers are connected to the s 476 terminal, and the negative
terminals of both speakers to the g 478 terminal. Again, the
microphone 472 1s external to the glasses and 1s attached to
the cord 470.

Based on such headset-to-phone cords, the glasses can be
used as the headset of a telephone, such as a cell phone. Also,
based on the headset-to-phone cords, the headset can be used
for hearing enhancement, with the microphone 1n the cord,
external to the glasses.

Note that the audio cord and the headset-to-phone cord can
be combined. FIG. 22 shows a combined cord 490 that can
perform both functions. The example shown i FIG. 22
assumes the two speakers 1n the glasses being connected 1n
parallel. Again the microphone 1s attached to the cord, exter-
nal to the glasses.

As shown in FIG. 22, one end of the cord can have a female
mini-phone jack to be connected to the plug 520 at a temple
t1ip 522 of a pair of glasses. That female jack 1s not shown 1n
FIG. 22. The combined cord 490 includes a switch 502. One
switch position 1s to connect the speakers to a stereo plug 510.
This 1s the position where the cord 490 functions as an audio
cord. The other switch position 1s to connect the speakers to a
stereo plug 3516. This 1s the position where the cord 490
functions as a headset-to-phone cord.

With the switch 502 1n the audio cord position, the right
498 and left 500 speaker terminals of the plug 520 are con-
nected to the right 506 and the leit 508 terminals of the male
stereo connector 310.

With the switch 502 in the headset-to-phone cord position,
the right 498 and left 500 speaker terminals are connected to
the s 514 terminal of the male stereo connector 516. The
microphone 492 1s connected between the m 494 and the g
512 terminals of the stereo plug 516. When the plug 516 is
inserted 1nto a phone jack, the negative terminal of the micro-
phone 492 1s connected to the ground of the phone.

Instead of having just one connector at the glasses, there
can be two connectors. Each connector can be located at one
of the temple tip, and each connector can be connected to the
speaker at that temple through, for example, a conductor (e.g.
a wire) 1n the temple. In one embodiment, the connectors are
standard 2.5 or 3.5 mm male mono mim phone plugs. Such
glasses can be used to listen to stereo music based on a
mono-plugs-to-stereo-plug adapter cord. FIG. 23 shows one
embodiment of the wiring connections of such an adapter
cord 550. At one end of the adapter cord, there are two female
mono mini phone plugs. These plugs are not shown 1n the
figure. Each plug connects to two wires, one signal wire and
the other the ground wire. For example, a first female plug
includes signal wire 552 and ground wire 554; and the second
temale plug includes the signal wire 556 and ground wire
538. Each pair of wires can be embedded 1nside a cable, with
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both cables forming part of a lanyard. The other side of the
cord 550 1s a male stereo min1 phone plug 560. Of the 3
connections at the male stereo mini1 phone plug 560, one can
be connected to both of the ground wires 354 and 558, and for
the other two, one to each signal wires 552 and 556. The male
stereo plug 560 can be used to receive stereo signals for the
two speakers, or can be used as a plug to receive a telephone
call, sitmilar to the stereo plugs at the temples shown 1n FIGS.

21A-21B. In this example, the male stereo plug 1s not at the
glasses, but 1s external to the glasses, such as at the lanyard.

In the above examples on cords, the microphone, such as
for a phone or for hearing enhancement, 1s external to the
glasses. In other embodiments, the microphone 1s 1n the
glasses. With the microphone 1n the glasses, in the embodi-
ments shown 1 FIGS. 21 A-21B, the plugs at the temple tips
are five termunal plugs, with the five terminals being the
positive or the signal terminal for the leit speaker, the positive
or the signal terminal for the right speaker, the ground for both
speakers, the microphone and the ground for the microphone.
In the embodiment shown 1n FIG. 21 A, the ground for the
microphone 458 1s connected to the positive terminal of the
right speaker 462 at the g 462 terminal of the male stereo plug,
456 within the plug 456. In the embodiment shown 1n FIG. 21
B, the grounds of speakers and the ground of the microphone
are all connected together at the g 478 terminal of the male
stereo plug 480.

With the microphone 1n the glasses, as for the embodiment
shown in FI1G. 23, the plugs at the temple tips are four terminal
plugs, with the four terminals being the signal terminal for a
speaker, the ground for the speaker, the signal terminal for a
microphone and the ground for the microphone. The male
stereo plug 560 1s replaced by a five terminal plug, with the
five terminals being the signal terminal for the left speaker,
the signal terminal for the right speaker, the ground for both
speakers, the signal terminal for the microphone and the
ground for the microphone.

In the above examples of the glasses functioning as a head-
set, one microphone 1s described. However, there can be more
than one microphone. As described, additional microphones
can provide additional benefits. For example, two micro-
phones can be used for noise cancellation purposes. In
another example, two microphones can be for stereo recep-
tion purposes with one microphone on the left side and the
other on the right side of the user. For users with significant
hearing loss 1in one of the ears, signals received from that ear
can be routed to the speaker 1n close vicinity to the other ear.
In any event, if there are two microphones, with both micro-
phones 1n the glasses, and 1f there 1s just one connector at the
glasses, the connector can have six terminals. The six termi-
nals can be for the signal terminal for each of the speakers and
the signal terminals for the two microphones, the ground for
both speakers, and the ground for both microphones. If there
are two connectors at the glasses, one at each of the temple
tips, again with the microphones 1n the glasses, the two con-
nectors can be four terminal connectors. Each set of the four
terminals includes the signal terminal of the microphone and
the signal terminal for the speaker at that temple, and their
separate grounds. In these embodiments with more than one
microphone, again, one can use a combined cord that has a
switch so that the glasses with the combined cord are appli-
cable as a headset for, such as, a phone, a hearing booster and
an audio player.

Regarding the locations of the speakers, the speakers can
be 1n the temples, similar to the embodiment shown in FIG. 1.
In another embodiment, as shown 1n FIG. 24, a speaker 577
can be 1n one 375 of the temple tips.
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In a number of embodiments, one or more speakers are
embedded or partially embedded in the glasses. In one
embodiment, instead of 1 the main body of the glasses, a
speaker 1s, for example, at the end of a stub or an extension,
extended from the main body of the glasses. The stub can
extend from one of the temples of the glasses. There can be
clectrical wires 1nside the stubs to connect the speakers to
other electrical component(s) 1n the main body of the glasses.
The stubs can replace a number of the tube embodiments
described by bringing the speakers closer to, or allowing the
speakers to be 1nserted into, the ear canal of the user. In such
embodiments, there may not be separate ear buds because the
speakers themselves can be 1n structures that also serve as ear
buds. Such ear buds with speakers can also be custom fitted
into the ears of the user. Such ear buds can include venting
structures to reduce to a certain degree the effects of occlu-
S1011.

In a number of embodiments with speakers embedded 1n
the glasses, each speaker can have a tube extending towards
an ear to guide the audio signals. The tubes can be perma-
nently attached to the glasses. In another embodiment, the
tubes are detachable from the glasses. There can be an exten-
s10n 579 with a hole at the glasses for a speaker 577, as shown
in FIG. 24. An external tube 381 can be attached to or inserted
into the extension 579 for sound coupling 1into an ear. In the
embodiment shown 1in FIG. 24, the external tube 581 extends
from the back of an ear, over the top of the ear, and curls back
towards the opening of the ear. Again, there can be an ear bud
583 at the end of the external tube 581 to further enhance
sound coupling to an ear. Also, 1n this embodiment, a micro-
phone 585 can be 1n the glasses at a position further away
from the lens holders of the glasses.

With ear buds 1n the ears, 1t may not be necessary to have
temples extend behind the ears. FIG. 25 shows an embodi-
ment with each of the free ends of the temples, such as the
temple 600, having an ear bud 602. The speaker for the ear
bud 602 can be 1n the structure of the ear bud 602. The speaker
can be away from the ear bud, such as inside the temple 600
close to the hinge of the temple 600, but 1s audibly coupled to
the ear bud. For example, the temple includes a tube or a
tubular structure inside the temple 600 to guide the audio
signals from the speaker to the ear bud 602 for the ear. In this
embodiment, a microphone 604 can be located 1n one of the
temples further away from the free end of that temple. The
pair of glasses can also function as a headset. If the headset 1s
connected to a portable device through a cord 610, the glasses
include at least one connector to receive the cord 610. In one
embodiment, the connector 606 at the glasses 1s a female
connector. The cord 610 for the portable device ends with a
male connector 608 to be inserted into female connector 606
at the glasses. When the glasses are worn, both ear buds are
inserted into the ears of the users. Together with the bridge
(directly or indirectly through the nose pads) on the nose, and
the ear buds inserted 1nto the ears of the user, the glasses can
be stably held on the head of the user. In the embodiment of a
wired headset with one connector, when worn, the cord 610
can drape behind one of the ears.

Regarding embodiments with ear buds at the free ends of
the temples, 1n yet another embodiment, the ends of the
temples are small and are made of soft materials. If the user
chooses to wear such glasses, but does not want to use the
speakers, the user has the option to comifortably wear the
glasses with the ear buds positioned above his ears.

In one embodiment, the length of the tubes or the stubs 1s
not fixed, but 1s adjustable. The tubes or the stubs are retract-
able and extendable, for example, similar to the embodiment
shown 1n FIG. 3. The positions of the tubes or the stubs also
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can be changed, for example, similar to the embodiment
shown 1 FIG. 2. Alternatively, the temples can be made of
malleable materials to allow some adjustment to fit different
users. Glasses with such flexibilities, 1t applied to the embodi-
ments with ear buds at the free ends of the temples, are even
casier to adjust to {it different users, for example, because one
may only need to adjust the distance between the ear buds and
the lens holders of the glasses.

In yet in another embodiment, a pair of glasses functioning,
as a headset with a speaker and a microphone further includes
a camera, as shown in FIG. 26. The glasses 650 include a
temple 652 that has a microphone 654, a speaker 656 and a
camera 658 with a connector 660. The connector 660 1s for
connecting, for example, to a portable device that includes at
least the power source for the glasses.

The camera 658 i1s preferably a digital camera with an
on/ofl switch 662. For example, the camera 658 1s a CCD
camera with a CCD controller coupled to a CCD chip, a CCD
memory device and a lens.

In one embodiment, with the connector 660 connected to
the portable device, when the switch 662 1s pushed on, the
CCD chip takes a picture. The charges in the CCD chip are
digitized and transmitted through the connector to the por-
table device, under the management of the controller. At least
some of the charges can be temporarily stored in the CCD
memory device, for example, to accommodate the differences
in speed 1n taking pictures and sending the pictures to the
portable device through the connector. In this embodiment,
images are permanently stored at the portable device.

In one embodiment, the glasses do not offer focusing capa-
bility. The CCD chip can be located, for example, at the focal
point of the lens. In another embodiment, there 1s an 1mage
distance control knob. For example, a mechanical lever can be
pre-programmed or pre-set to move the lens to one or more
different positions. There can be just two positions. One posi-
tion can be for close-up shots and another for distance shots,
such as close-up being about 2 1t from the lens and the distant
being about 6 1t away; or close-up being about 8 inches away
and distant being about 2 it away.

FIG. 26 shows one embodiment regarding the location of
the camera 638 at the end of the temple or arm 652 of the
glasses next to the hinge of the temple. The lens of the camera
faces forward. In this situation, what the user sees 1s substan-
tially what the captured image would be. In other words, 1n a
general sense, what the user sees through the glasses 1s what
the user gets, without the need for an additional view finder.
With such an embodiment, 1t 1s relatively easy for a user to
take pictures, hands-free, without the need for an additional
strap for holding the camera.

The connector 660 at the end of the glasses 650 can be, for
example, a 4-terminal connector, one for ground, one for
power and the other two for transmit and receive signals. In
another embodiment, the connector 660 can be a 3-terminal
connector, with the power line and one of the signal lines
sharing one terminal.

Regarding the embodiment shown 1n FIG. 26, the speaker
656 can be 1n the glasses, with a tube 666 and an ear bud 668,
to help bring audio signals to the user. In one embodiment, the
tube 666 can be rotated at 1ts end where 1t connects to the
glasses.

In one embodiment, the CCD with the CCD memory

device and the CCD controller are on the same 1ntegrated
circuit.

The embodiment shown 1n FIG. 26 also includes a micro-
phone 654. In one embodiment, the CCD memory device also
stores audio signals from the microphone. For example, the
memory device stores the last 15 seconds of audio signals.
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When the user takes a picture, the previous 15 seconds of
audio signals can be coupled to the picture. The next 10
seconds of audio signals can also be coupled to the picture.
The audio signals or the digitized version of the audio signals
can also be transmitted to the portable device with the corre-
sponding picture. In the future, if the user wants to view the
picture, the audio signals can be played with the picture at the
same time.

The electrical components in the portable device for the
glasses with a camera can be incorporated 1n the glasses. For
example, the power sources can also be 1n the glasses and the
glasses do not have to include a connector. In one embodi-
ment, the glasses include non-volatile memory to store at
least a number of pictures. In another embodiment, the
glasses further includes a connector to recerve amemory card,
such as a flash memory device. One embodiment of such a
removable card on a pair of glasses 1s shown in FI1G. 17, where
the card 352 can be a removable memory card. The card can
be a standard memory card with a USB connector. Pictures
taken can be stored in the removable memory card.

In yet another embodiment for the glasses with a camera,
the glasses do not include a speaker or a microphone. The
glasses include a temple that has a CCD controller coupled to
a CCD chip, a CCD memory device and a lens. The temple
also includes an on/off switch with a connector. The connec-
tor 1s for connecting, for example, to a portable device that
includes at least the power source for the camera.

Additional disclosure on camera 1n glasses can be found 1n
U.S. Provisional Application No. 60/583,169, filed on Jun.
26, 2004, which 1s hereby incorporated by reference.

A number of electrical components have been described.
They can be on circuit boards, which can be made of flexible
materials. They can be on a substrate. They can also be inte-
grated 1nto one or more mtegrated circuits.

Although a number of embodiments have been described
of glasses with hearing enhanced and/or other audio signal
generation capabilities, 1 one embodiment, the hearing
enhanced and/or other audio signal generation capabilities
are 1n another apparatus. When a person 1s using that appa-
ratus, a third party again would not be able to tell whether the
person 1s having his hearing enhanced, or listening to other
audio signals. This again may be able to remove the stigma of
wearing a hearing aid.

The various embodiments, implementations and features
of the invention noted above can be combined 1n various ways
or used separately. Those skilled 1n the art will understand
from the description that the invention can be equally applied
to or used 1n other various different settings with respect to
various combinations, embodiments, implementations or fea-
tures provided in the description herein.

A number of embodiments in the mvention can be 1mple-
mented 1n software, hardware or a combination of hardware
and software. A number of embodiments of the invention can
also be embodied as computer readable code on a computer
readable medium. The computer readable medium 1s any data
storage device that can store data which can thereafter be read
by a computer system. Examples of the computer readable
medium include read-only memory, random-access memory,
CD-ROMs, magnetic tape, optical data storage devices, and
carrier waves. The computer readable medium can also be
distributed over network-coupled computer systems so that
the computer readable code 1s stored and executed 1n a dis-
tributed fashion.

Numerous specific details are set forth 1n order to provide
a thorough understanding of the present invention. However,
it will become obvious to those skilled in the art that the
invention may be practiced without these specific details. The
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description and representation herein are the common mean-
ings used by those experienced or skilled 1n the art to most
cifectively convey the substance of their work to others
skilled 1n the art. In other instances, well-known methods,
procedures, components, and circuitry have not been
described 1n detail to avoid unnecessarily obscuring aspects
of the present invention.

Also, 1n this specification, reference to “one embodiment”™
or “an embodiment” means that a particular feature, structure,
or characteristic described in connection with the embodi-
ment can be included in at least one embodiment of the
invention. The appearances of the phrase “in one embodi-
ment” 1n various places in the specification are not necessarily
all referring to the same embodiment, nor are separate or
alternative embodiments mutually exclusive of other embodi-
ments. Further, the order of blocks 1n process flowcharts or
diagrams representing one or more embodiments of the
invention do not iherently indicate any particular order nor
imply any limitations 1n the invention.

Other embodiments of the mvention will be apparent to
those skilled 1n the art from a consideration of this specifica-
tion or practice of the invention disclosed herein. It 1s
intended that the specification and examples be considered as
exemplary only, with the true scope and spirit of the invention
being indicated by the following claims.

Other embodiments of the invention will be apparent to
those skilled in the art from a consideration of this specifica-
tion or practice of the invention disclosed herein. It 1s
intended that the specification and examples be considered as
exemplary only, with the true scope and spirit of the invention
being indicated by the following claims.

What 1s claimed 1s:

1. An eyeglass frame for supporting lenses therein, the
frame being configured to enhance the hearing of a user, who
has at least mild hearing loss on at least one of the user’s ears,
comprising:

a first temple and a second temple, one on each side of the

frame;

a first speaker connected to the first temple;

a microphone fixed to the frame to receive audio signals;

and
at least one electrical component embedded in the frame
that performs a hearing enhancement function to
enhance the recerved audio signals from the microphone
to be sent to the first speaker for the user to hear,

wherein the hearing enhancement function includes ampli-
tying a predetermined frequency range of the recerved
audio signals from the microphone so as to compensate
for the user’s hearing loss, and

wherein the frame belongs to a plurality of frames, each of

the plurality of frames being preset to compensate for
different hearing profile to allow different users to select
any ol the frames to beat compensate for their hearing
loss.

2. An eyeglass frame as recited 1n claim 1,

wherein each temple has two ends, a forward end and a

backward end, with the forward end of each temple
being secured to the frame, and each temple also has a
middle portion 1n between 1ts forward end and 1ts back-
ward end, and

wherein the frame further comprises:

a second speaker proximate to the backward end or the
middle portion of the second temple; and

another microphone fixed to the frame, separate from the
speakers and proximate to the forward end of the
second temple, to recerve audio signals.
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3. An eyeglass frame as recited in claim 2, wherein the
microphones are directional, one favoring audio signals from
the left and the other from the right when the frame 1s worn by
the user.

4. An eyeglass frame as recited 1in claim 3, wherein the
amplification of the predetermined frequency range i1s con-
figured to be automatically changed depending on a power
level related to the recerved audio signals.

5. An eyeglass frame as recited 1n claim 4 further compris-
Ing:

at least another electrical component embedded 1n the

frame configured to support generating other audio sig-

nals by the first speaker, with the other audio signals not

originating from the audio signals captured by the
microphone but from a stored audio file; and

at least a mechanical control mechamsm at one of the
temples with the control mechanism configured to allow
the user to control an operation regarding the other audio
signals,

wherein the frame can be used separately to enhance the
hearing of the user and to allow the user to hear from the
other audio signals, and

wherein the at least one electrical component can also be
configured to perform the hearing enhancement function
to enhance the other audio signals so as to compensate
for the hearing loss of the user.

6. An eyeglass frame as recited 1n claim S, wherein the
frame 1s configured to electronically keep track of a prefer-
ence of the user regarding the other audio signals.

7. An eyeglass frame as recited 1in claim 6, wherein the
audio file 1s stored 1n a MP3 player.

8. An eyeglass frame as recited in claim 4, further compris-
ng:

at least another electrical component embedded 1n the
frame configured to support generating other audio sig-
nals by the first speaker, with the other audio signals not
originating from the audio signals captured by the
microphone but from a wireless signal transmitted by a
device and received by the frame; and

at least a mechanical control mechamsm at one of the
temples with the control mechanism configured to allow
the user to control an operation regarding the other audio
signals,

wherein the frame can be used separately to enhance the
hearing of the user and to allow the user to hear from the
other audio signals, and

wherein the at least one electrical component can also be
coniigured to perform the hearing enhancement function
to enhance the other audio signals so as to compensate
for the hearing loss of the user.

9. An eyeglass frame as recited 1in claim 1 wherein the
amplification of the predetermined frequency range 1s con-
figured to be automatically changed depending on a power
level related to the received audio signals.

10. An eyeglass frame as recited in claim 1 further com-
prising a rechargeable power source at least partially embed-
ded 1n at least one of the temples of the frame.

11. An eyeglass frame as recited in claim 1,

wherein each temple has two ends, a forward end and a
backward end, with the forward end of each temple
being secured to the frame, and each temple also has a
middle portion 1n between 1ts forward end and 1ts back-
ward end,

wherein the first speaker 1s proximate to the backward end
or the middle portion of the first temple, and
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wherein the microphone 1s fixed to the frame, separate
from the first speaker, proximate to the forward end of

the first temple.

12. An eyeglass frame as recited 1n claim 1, wherein the
microphone 1s directional, favoring audio signals from either
the left or the right side of the frame when the frame 1s worn.

13. An eyeglass frame as recited in claim 1 further com-
prising:
at least another electrical component embedded in the
frame configured to support generating other audio sig-
nals by the first speaker, with the other audio signals not
originating from the audio signals captured by the
microphone but from a stored audio file; and

at least a mechanical control mechamism at one of the
temples with the control mechanism configured to allow
the user to control an operation regarding the other audio
signals,

wherein the frame can be used separately to enhance the
hearing of the user and to allow the user to hear from the
other audio signals.

14. An eyeglass frame as recited in claim 13, wherein the at
least one electrical component 1s also configured to perform

the hearing enhancement function to enhance the other audio
signals so as to compensate for the hearing loss of the user.

15. An eyeglass frame as recited 1n claim 14, wherein the
audio file 1s configured to be stored 1n a multimedia asset
player.
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16. An eyeglass frame as recited in claim 15, wherein the
audio file 1s stored 1n a MP3 player.

17. An eyeglass frame as recited in claim 15, wherein the
multimedia asset player 1s configured to keep track of a pret-
erence of the user regarding the other audio signals.

18. An eyeglass frame as recited in claim 1 further com-
prising:

at least another electrical component embedded 1n the

frame configured to support generating other audio sig-
nals by the first speaker, with the other audio signals not
originating from the audio signals captured by the
microphone but from a wireless signal transmitted by a
device and received by the frame; and

at least a mechanical control mechanism at one of the

temples with the control mechanism configured to allow
the user to control an operation regarding the other audio
signals,

wherein the frame can be used separately to enhance the

hearing of the user and to allow the user to hear from the
other audio signals.

19. An eyeglass frame as recited in claim 18, wherein the at
least one electrical component 1s also configured to perform
the hearing enhancement function to enhance the other audio
signals so as to compensate for the hearing loss of the user.

20. An eyeglass frame as recited 1n claim 18, wherein the
frame 1s configured to electronically keep track of a prefer-
ence of the user regarding the other audio signals.
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